CLAIMS 

1.1 A metal interconnect layer for a semiconductor device, comprising: 

2 a first upper portion having a first width; and 

3 a second lower portion under the first upper portion, the second lower portion 

4 having a second width wider than the first width. 

1 2. Tme metal interconnect layer of claim 1 , wherein the metal interconnect 

2 layer comprises* 

3 a barrier layer deposited along an interlevel dielectric (ILD) film with a trench 

4 having a lower wiath and an upper width, the lower width being wider than the upper 
^ width; and \ 

a conductive layer deposited over the barrier layer, filling the trench, the 

*n§ conductive layer havirra a lower width and an upper width, the lower width being wider 

fl than the upper width. \ 

Ti 3. The metal interconnect layer of claim 2, wherein the ILD film is formed of 

fl a single insulation layer with a/material layer selected from the group consisting of 

^ undoped silicate glass (USJ6) layer, silicon oxide fluoride (SiOF) layer, 

q tetraethylorthosilicate (TJzOS) layer, spin-on glass (SOG) layer and borophosphosilicate 

H glass (BPSG). / 

1 4. Tm metal interconnect layer of claim 3, wherein the thickness of an upper 

2 portion of thgMLD film surrounding a portion of the trench with the upper width is in the 

3 range 0^20-70% of the thickness of the entire ILD film. 

1 5. The metal interconnect layer of claim 2, wherein the ILD film comprises 

2 first and second insulation layers deposited in sequence, the trench being formed in the 

3 ILD film such that the portion of the trench formed in the first insulation layer is wider 

4 than the portion of the trench formed in the second insulation layer. 
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6. The metal interconnect layer of claim 5, wherein the thickness of the 
second insulation layer is in the range of 20-70% of the thickness of the entire ILD film 
including the first and second insulation layers. 



7. The metal interconnect layer of claim 5, wherein the second insulation 
layer is formed of layer selected from the group consisting of a USG layer, SiOF layer, 
TEOS layer, SOG layer and a BPSG layer; and the first insulation layer is formed of at 
least one of a flowable oxide (FOX) layer and a hydride organic siloxane polymer 
(HOSP) layer such that the first insulation layer has a higher etch rate than the second 
insulation layer. 




8. The metal interconnect layer of claim 2, wherein the barrier layer is 
I of one c 
material layers. 



farmed of one of a Ta lay/r, TaN layer, Ti layer, TiN layer, and a bilayer of these 



9. Theyffietal interconnect layer of claim 2, wherein the conductive layer is 
formed of one of a Cu and a W layer. 



^jft 10. A metal interconnect layer for a semiconductor device, comprising: 
a first upper portion having! a first width; 
a second middle portion having a second width; and 

a third lower portion having p third width, the third width being wider than the first 
and second widths. 

1 1 . The metal interconnect layer of claim 1 0, wherein the metal interconnect 
layer comprises: 

a barrier layer deposited along an interlevel dielectric (ILD) film with a trench 
having a lower width, a middle width and an upper width, the middle width being wider 
than the upper and lower widths; and 
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a conductive layer deposited over the barrier layer, filling the trench, the 
conductive layer having a lower width, a middle width and an upper width, the middle 
width being wider than the upper and lower widths. 

1 2. The metal interconnect layer of claim 1 1 , wherein the ILD film is formed 
as a single layer with a material layer selected from the group consisting of undoped 
silicate glass (USG) layer, silicon oxide fluoride (SiOF) layer, tetraethylorthosilicate 
(TEOS) layer, spin-on glass (SOG) layer and borophosphosilicate glass (BPSG) layer. 

1 3. The metal interconnect layer of claim 12, wherein the thickness of a 
middle portion of the ILD film surrounding a portion of the trench with the wider middle 
width is in the range of 20-50% of the thickness of the entire ILD film. 

14. The metal interconnect layer of claim 1 1 , wherein the ILD film comprises 
first, second and third insulation layers deposited in sequence, the trench being formed 
in the ILD film such that the portion of the trench formed in the second insulation layer 
is wider than the portions formed in the first and third insulation layers. 

15. The metal interconnect layer of claim 14, wherein the thickness of the 
second insulation layer is in the range of 20-50% of the thickness of the entire ILD film 
including the first, second and third insulation layers. 

16. The metal interconnect layer of claim 14, wherein each of the first and 
third insulation layers is formed of at least one of a USG layer, SiOF layer, TEOS layer, 
SOG layer and a BPSG layer; and the second insulation layer is formed of at least one 
of a flowable oxide (FOX) layer and a hydride organic siloxane polymer (HOSP) layer 
having a higher etch rate than the first and third insulation layers. 
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1 1 7. The metal interconnect layer of claim 1 1 , wherein the barrier layer is 

2 formed of at least one of a Ta layer, TaN layer, Ti layer, TiN layer, and a bilayer of 

3 these material layers. 

1 18. The metal interconnect iayer of ciaim 1 i , wherein the conductive layer is 

2 formed of at least one of a Cu and a W layer. 

1 1 9. A method for forming a metal interconnect layer of a semiconductor 

2 device, the method comprising: / 

3 forming an interlevel dielectric (ILD) film over a semiconductor wafer; 

4 forming a photoresist pattern on the ILD film, the photoresist pattern defining a 
^ metal interconnect region; / 

% etching a portion of the ILD fihri using the photoresist pattern as an etch mask to 

form an initial trench, a polymer layer serving as an etch barrier on the sidewalls of the 

% initial trench; / 

jj! etching the remainder omhe ILD film using the photoresist pattern and the 

to polymer layer on the initial trench sidewalls as an etch mask, to deepen the trench, the 

ffi resulting deeper trench tfa^qg a lower width and an upper width, the lower width being 

fe= wider than the upper width; J 

g removing the phqlbi^sist pattern; 

W forming a barrier layer on the semiconductor wafer and in the deeper trench; 

15 depositing a conductive layer over the barrier layer; and 

16 polishing th^ conductive layer by chemical mechanical polishing (CMP), such 

17 that the conducth4 layer remains within only the deeper trench. 

1 20. The method of claim 19, wherein, in etching a portion of the ILD film to 

2 form the initial trench, a hydrogen containing CF-based gas and an inert gas are used 

3 such that tne polymer layer is formed on the initial trench sidewalls. 
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21 . The method of claim 1 9, wherein, in etching the remainder of the ILD film 
to deepen the trench, a non-hydrogen containing CF-based gas and an inert gas are 
used together with at least one of oxygen and nitrogen. 

22. The method of claim 19, whereipthe height of the initial trench with the 
polymer layer is in the range of 20-70% of thfe thickness of the entire ILD film. 

23. The method of claim 19, wherein the ILD film is formed of at least one of a 
undoped silicate glass (USG) layer, silicon oxide fluoride (SiOF) layer, 
tetraethylorthosilicate (TEOS) layer, spin/on glass (SOG) layer and a 
borophosphosilicate glass (BPSG). 

24. The method of claim 19( wherein the barrier layer is formed of at least one 
of a Ta layer, TaN layer, Ti layer, TIN layer and a bilayer of these layers, acting as both 
a metal-diffusion barrier art^pT^Qesive layer between the ILD film and the conductive 
layer. 

25. The method bf^faim 19, wherein the conductive layer is formed of at least 
one of a Cu and a W layer. 

26. A method for forming a metal interconnect layer of a semiconductor 
device, the method comprising: 

forming a first inferlevel dielectric (ILD) film over a semiconductor wafer; 

forming a second ILD film over the first ILD film, the second ILD film having a 
lower etch rate than/the first ILD film; 

forming a pbfotoresist pattern over the second ILD film, the photoresist pattern 
defining a metal interconnect region; 

etching the second ILD film and the first ILD film in sequence using the 
photoresist pattern as an etch mask, to form a trench having a lower width in the first 
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ILD film and an upper width in the secqnd ILD film, the lower width being wider than the 
upper width; 

removing the photoresist patte 

forming a barrier layer along line semiconductor wafer and in the trench; 
depositing a conductive layer over the barrier layer; and 
polishing the semiconductor wafer with the conductive layer by chemical 

mechanical polishing such that me conductive layer remains within only the trench 

surrounded by the first and second ILD films. 

27. The method of claim 26, wherein the thickness of the second ILD film is in 
the range of 20-70% of the sup of the thicknesses of the first and second ILD films. 

28. The method of/claim 26, wherein the second ILD film is formed of at least 
one of a undoped. silicate grass (USG) layer, silicon oxide fluoride (SiOF) layer, 
tetraethylorthosilicat^(?EOS) layer, spin-on glass (SOG) layer and a 
borophosphosilicate glassf (BPSG); and the first ILD film is formed of at least one of a 
flowable oxide (FOX]Jayp / and a hydride organic siloxane polymer (HOSP) layer, such 
that the first ILD film ha(§f a higher etch rate than the second ILD film. 

29. The metfiod of claim 26, wherein the barrier layer is formed of at least one 
of a Ta layer, TaN layer, Ti layer, TiN layer and a bilayer of these layers, acting as both 
a metal-diffusion bagrier and an adhesive layer between the ILD film and the conductive 
layer. 

30. The/method of claim 26, wherein the conductive layer is formed of at least 
one of a Cu and k W layer. 



31 . A/method for forming a metal interconnect layer of a semiconductor 
device, the method comprising the steps of: 

(a) forming an interlevel dielectric (ILD) film over a semiconductor wafer; 
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(b) forming a photoresist pattern on the ILD film, the photoresist pattern defining 
a metal interconnect region; / 

(c) etching an upper portionr of the ILD film using the photoresist pattern as an 
etch mask to form an initial trencffl having a first width, resulting in a polymer layer 
serving as an etch barrier on ther sidewalls of the initial trench; 

(d) etching an middle portion of the ILD film using the photoresist pattern and the 
polymer layer on the initial trenoh sidewalls as an etch mask, to deepen the trench to 
form a second portion of the trench, the second portion of the trench having a second 
width wider than first width of the initial trench; 

(e) forming a polymer /ayer serving as an etch barrier on the lower end of the 
etched middle portion of the/lLD film; 

(f) etching the remaining lower portion of the ILD film using the photoresist 
pattern and the polymer layers on the initial trench sidewalls and the sidewalls of the 
second portion of*ma tremchvas an etch mask, to further deepen the trench to form a 
third portion of the trmcfa having a third width, the third width being smaller than the 
second width of th^secpneKportion of the trench; 

(g) removing tra photoresist pattern; 

(h) forming a Barrier layer along the semiconductor wafer and in the deepened 
trench; / 

(i) depositing a conductive layer over the barrier layer; and 

(j) polishing the semiconductor wafer with the conductive layer by chemical and 
mechanical polishing such that the conductive layer remains within only the deepened 
trench surrounjSed by the ILD film. 

32. /The method of claim 31 , wherein, in steps (c) and (e), a hydrogen 
containing ffiF-based gas and an inert gas are used to cause the polymer layer on the 
initial-trendn sidewalls and the lower end of the second portion of the trench. 
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33. The method of claim 31 
containing CF-based gas and an iner^ 
and nitrogen. 



wherein, in steps (d) and (f), a non-hydrogen 
gas are used together with at least one of oxygen 



34. The method of ciaim/31 , wherein the thickness of the middle portion of the 



ILD film is in the range of 20-50% 



of the thickness of the entire ILD film. 



35. The method of claim 31 , wherein the ILD film is formed of at least one of a 
undoped silicate glass (USG) layer, silicon oxide fluoride (SiOF) layer, 
tetraethylorthosilicate (TEOS) layer, spin-on glass (SOG) layer and a 
borophosphosilicate glass (BRSG). 



36. The method of claim 31 , wherein the barrier layer is formed of at least one 
of a Ta layer, TaN layer, Ti/layer, TiN layer and a bilayer of these layers, acting as both 
a metal-diffusion barrier apd an adhesive layer between the ILD film and the conductive 
layer. 



37. The mei 
one of a Cu and 



(od of claim 31 , wherein the conductive layer is formed of at least 
!yer. 



38. A method for forming a metal interconnect layer of a semiconductor 
device, the method comprising: 

forming a first interlevel dielectric (ILD) film over a semiconductor wafer; 

forming a second ILD film over the first ILD film, the second ILD film having a 
higher etch rate than the first ILD film; 

forming a third ILD film over the second ILD film, the third ILD film having a lower 
etch rate tham the second ILD film; 

forming a photoresist pattern over the third ILD film, the photoresist pattern 
defining a metal interconnect region; 
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etching the third ILD film, the second ll£D film, and the first ILD film in sequence 
using the photoresist pattern as an etch masK, to form a trench having a lower width, a 
middle width and an upper width, the middleA/vidth in the second ILD film being wider 
than the upper width in the third ILD film and the lower width in the first ILD film; 

removing the photoresist pattern; / 

forming a barrier layer along the semiconductor wafer and in the trench; 

depositing a conductive layer ovei the barrier layer; and 

polishing the semiconductor wafe ' with the conductive layer by chemical 

mechanical polishing such that the conductive layer remains within only the trench 

surrounded by the first, second and third ILD films. 



39. The method of claim 38, wherein the thickness of the second ILD film is in 
the range of 20-50% of the sum of /he thicknesses of the first, second and third ILD 
films. 



40. The methof 
formed of at least one of ar 
(SiOF) layer, tetraethylorth^ 
borophosphosilicate glc 



38, wherein each of the first and third ILD films is 
ed silicate glass (USG) layer, silicon oxide fluoride 
^ilicgte (TEOS) layer, spin-on glass (SOG) layer and a 
SG); and the second ILD film is formed of at least one of 



a flowable oxide (FOX) latfer and a hydride organic siloxane polymer (HOSP) layer 
such that the second ILD) film has a higher etch rate than the first and third ILD films. 

41 . The metnod of claim 38, wherein the barrier layer is formed of at least one 
of a Ta layer, TaN layer, Ti layer, TiN layer and a bilayer of these layers, acting as both 
a metal-diffusion barrier and an adhesive layer between the first, second and third ILD 
films, and the conductive layer. 



42. Tile method of claim 38, wherein the conductive layer is formed of at least 
one of a Cu a/id a W layer. 



SAM-201 



27 



